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ABSTRACT. Accelerating environmental change is perhaps the greatest challenge for natural resource management; successful
strategies need to be effective for decades to come. Our objective is to identify opportunities that new environmental conditions may
provide for conservation, restoration, and resource use in a globally recognized biodiversity hotspot in southwestern Australia. We
describe a variety of changes to key taxonomic groups and system-scale characteristics as a consequence of environmental change
(climate and land use), and outline strategies for conserving and restoring important ecological and agricultural characteristics.
Opportunities for conservation and economic adaptation are substantial because of gradients in rainfall, temperature, and land use,
extensive areas of remnant native vegetation, the ability to reduce and ameliorate areas affected by secondary salinization, and the
existence of large national parks and an extensive network of nature reserves. Opportunities presented by the predicted environmental
changes encompass agricultural as well as natural ecosystems. These may include expansion of aquaculture, transformation of
agricultural systems to adapt to drier autumns and winters, and potential increases in spring and summer rain, carbon-offset plantings,
and improving the network of conservation reserves. A central management dilemma is whether restoration/preservation efforts should
have a commercial or biodiversity focus, and how they could be integrated. Although the grand challenge is conserving, protecting,
restoring, and managing for a future environment, one that balances economic, social, and environmental values, the ultimate goal is
to establish a regional culture that values the unique regional environment and balances the utilization of natural resources against
protecting remaining natural ecosystems.
Key Words: adaptive management; agriculture and conservation; biodiversity; climate change; land-use change; southwest Australia.
INTRODUCTION
Environmental change is inevitable. The pace of environmental
change, whether from climate, land use, proliferation of artificial
chemicals, human behaviors, or other drivers, is accelerating
(WHO 2015). Although there is an urgent need to document
trends, as well as the consequences for the environment and
society, there are equally urgent needs for scientists, managers,
and communities to form partnerships in natural resource
management. Those partnerships face three critical challenges:
(1) to predict how the anticipated changes will unfold on the
landscape (Lester et al. 2014); (2) to identify strategies for
conserving regionally important biota, ecosystems, and
ecological processes; (3) the need to recognize unique
opportunities that new environmental conditions provide for
conservation, for rehabilitation/restoration of altered ecosystems,
and, as well, for resource use. Collectively, these needs present a
great challenge for natural resource management in that, to be
successful, strategies developed and acted upon today need to be
effective for decades to come.  
Recently agriculture and conservation biology have begun to
address the first two needs. This is primarily because the success
of both disciplines depends on an ability to anticipate future
conditions. The third need has received some attention in
agriculture but relatively little attention in conservation biology.
Only a small percentage of articles in the primary literature
describing ongoing environmental changes seek to identify
emerging conservation opportunities associated with environmental
change (Lockwood et al. 2014), and most opt to focus on the loss
of ecosystem diversity and function, system-scale resilience, and
nature’s benefits. That is not to say that there is little to be
concerned about—quite the opposite—yet environmental change
also creates intriguing opportunities associated with regionally
based natural resources. These opportunities focus on the
interaction between the social-economic and natural systems to
develop adaptive capacity (Allison and Hobbs 2004, Mawdsley
et al. 2009, Barthel et al. 2013).  
Southwestern Australia, including the South Coast Region (Fig.
1), provides an excellent example of how environmental change
offers interesting opportunities for integrating divergent land uses
with the conservation and use of natural resources.
Mediterranean ecosystems are considered especially sensitive to
synergies between all drivers of global change (Sala et al. 2000).
The regionally high biodiversity and levels of endemism (3950
plant spp, 49% endemic) coupled with extensive clearing means
that the South Coast Region is a world-recognized hotspot of
biodiversity (Myers et al. 2000). The biodiversity and endemism
are considered to be due to its Gondwanan affinities, weathered
ancient landscape (unglaciated since the Permian), and a long
period of isolation (Hopper 2009). The region supports a mixture
of relict and modern species, and possesses a vast diversity of
habitats that span from wet sclerophyll tall forest in the west to
semiarid woodlands in the east, many of which have been
converted to agricultural and urban uses since the arrival of
Europeans in 1826. This region has a wealth of faunal and floral
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diversity including ancient lineages with Gondwanan and
Laurasian relationships through to currently evolving taxa
showing high levels of intraspecific diversity (Hopper and Gioia
2004, Rix et al. 2014). These patterns of diversity coexist with a
variety of intensive land-use practices from broad acre farming,
mining, and intensive forestry to managed native forests, and
persist in both modified landscapes and in small and large areas
of the conservation estate. The net result is that the region now
consists of a mosaic of intact and highly altered ecosystems.
Fig. 1. Southwest of Western Australia indicating the rainfall
gradients and the boundaries of the South Coast region.
Southwestern Australia has already undergone significant climate
change with drying and warming (CSIRO 2007) with a further
0.2°C temperature increase per decade predicted over the next 30
years (Hennessy et al. 2007, Davies 2010). These are not static
landscapes; although tectonically stable with an ancient,
underlying granite shield, the region has undergone extensive
historical climate variation from rainforest and relatively high
temperatures in the Miocene, followed by drying, cooling, and
rapidly varying climates in the Pliocene, and finally by three major
climatic fluctuations, characterized by lower rainfall and lower
temperatures, in the Pleistocene (Rix et al. 2014). These major
climate changes are associated with ongoing periods of generation
of phylogenetic diversity in the flora and fauna (Rix et al. 2014)
suggesting climate change may not necessarily be catastrophic for
biota in the South Coast Region. However, the accelerated pace
of present climate change, unprecedented in geological time
(IPCC 2014), resulting in increases in temperature, along with
concomitant decreases in rainfall and continued land
transformation, is likely to detrimentally affect native
biodiversity. However, we also recognize not all climate change
affects are directional. Moritz and Agudo (2013) reported range
movements of plants and animals on mountains during rising
temperatures that were counterintuitive: ranges shifted
downslope and sideways indicating not all distributions are
climate limited. In a similar vein two recent studies have suggested
biota might use the inherent, small-scale variability in ecological
systems to avoid modeled climate shifts (e.g., Scheffers et al. 2013,
2014). Southwestern Australia now consists of a mosaic of largely
intact to highly altered ecosystems, with a long, complex
evolutionary history offering a useful setting to examine
opportunities for integrating resource use and conservation at a
bioregional scale (Cheng et al. 2003, Campbell 2008, Donovan et
al. 2009).  
The unique opportunities presented by environmental change
encompass agricultural as well as natural ecosystems. The
challenge in biodiversity hotspots globally is to manage
conservation of existing diversity, manage for ongoing evolution,
and to integrate the social and political environment into these
processes. Southwestern Australia can be a model for developing
those approaches and this paper focuses on a subset of that region,
the south coast Natural Resource Management (NRM) region
(Fig. 1, hereafter SCR). One of the central dilemmas is whether
restoration/conservation efforts should have a commercial or
biodiversity focus and, can these be integrated? The grand
challenge is conserving, protecting, restoring, and managing for
a future environment that balances economic, social, and
environmental values. Biodiversity is a major environmental
indicator that continues to decline worldwide and, in biodiversity
hotspots such as the SCR, there needs to be a special focus on
devising ways of living sustainably with biodiversity. The ultimate
goal is to establish a regional culture that values the regional
environment and balances the utilization of natural resources
with protecting the natural ecosystems. Our objective is to identify
opportunities that emerging environmental conditions may
provide for conservation, restoration, and future resource use,
using the SCR as a case study.
THE SOUTH COAST REGION (SCR)
Climate
The SCR has a Mediterranean climate with cool wet winters and
temperate to hot dry summers with average annual rainfall
ranging from 300 mm in the north and east to 1200 mm in the
southwest (Fig. 1) There is also a gradient in mean annual
evaporation from northeast to southwest. The SCR can be divided
into two broad climatic zones: a western, cooler, high rainfall zone
(greater than 800 mm) and a warmer lower rainfall zone,
sometimes referred to as the transitional rainfall zone (300-800
mm). These broad zones are differentiated in terms of flora
(Hopper and Gioia 2004), aquatic systems (Stewart 2009), and
land use (Hill et al. 2005). Both extend north, outside the SCR of
our focus. The SCR has seen frequent past oscillations in climate
with drier, warmer, and wetter periods but a broad trend of
increasing aridity during the later Tertiary (Byrne 2008).
Physical characteristics
The SCR is one of 56 natural resource management regions in
Australia developed under agreements between state, territory,
and federal governments. These regions are based on catchments
or bioregions and are well placed to plan for adaptation to land-
use and climate-change effects (Campbell 2008). The South Coast
bioregion’s boundaries are based broadly on the catchments of
southerly flowing rivers but also include some internally drained
areas in the north and northeast. Topography, soils, and
microclimate are locally diverse but soils are generally nutrient
deficient and highly weathered (Hopper and Gioia 2004). The
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geology of the SCR is considered a result of Precambrian
collisions between continents forming the Albany-Fraser orogen
(1300-1100 million years ago [Mya]) and the rifting of Antarctica
from Australia (80-35 Mya). The northern part of the region also
includes the ancient Yilgarn craton (2700-2600 Mya; Myers 1990).
In general, the ancient landscape is of low relief  with a few
punctuated uplands; the highest peak is 1095 m.  
The replacement of deep rooted natural vegetation with shallow
rooted annual crops and pastures has allowed greater infiltration
of rainwater and a subsequent rise in the water table,
concentrating soil-stored salts near the surface (McFarlane and
George 1992, George et al. 1997). This process has led to increased
salinity of waterways and surface soils in lower parts of the
landscape. This secondary salinization is dependent on the extent
of clearing, topography, and rainfall (Mayer et al. 2005). With
changing climatic conditions, e.g., temperatures increases and
rainfall decreases, there is potential for positive and negative
effects on secondary salinization. If  salinity increases it will have
a dramatic negative effect on biodiversity and future land-use
activities, especially for local farmers and nearby communities
(Beresford et al. 2001).  
Many larger rivers in the region have headwaters in the warmer,
lower rainfall, lower relief, northern parts of the SCR (or further
north) with the southern reaches in areas that are cooler, and have
higher rainfall and higher relief. There are pockets of fresh, coastal
groundwater but most inland groundwater is either brackish or
highly saline contributing to the salinity of the larger river
systems. Flow regimes are highly distinctive being almost
exclusively within the predictable winter, intermittent category
defined by Kennard et al. (2010), which is largely confined to
southwest Australia. Within the region, there is a distinct
longitudinal gradient in river flows: eastern catchments are
ephemeral and characterized by unpredictable and intermittent
periods of a seasonally high flow, whereas catchments in the west
are mostly perennial, strongly seasonal, and predictable (Close
2007).
Biotic characteristics
The SCR forms part of the Southwest Australian Floristic Region
that is recognized as a global biodiversity hotspot because of the
concentration of endemic species and loss of habitat (Myers et
al. 2000, Mittermeier et al. 2004). Major taxa in the SCR,
including the level of endemism, vulnerability, and the major
stressors, are generally well known (Table 1). This list provides an
indication of the particular level of SCR biodiversity and the need
for protection and conservation, especially of the many endemic
species. Although knowledge of basic biology in the region is
reasonably thorough there are still many gaps in understanding
of taxonomy of many groups, particularly terrestrial
invertebrates, although this has been rapidly improving in recent
years (Danks et al. 2011, Rix et al. 2014).  
There are 812 genera and 232 families of plants (Gioia 2010) in
southwestern Australia, with unusually high levels of endemism,
many species with restricted distributions, and a significant
number of species and subspecies yet to be described (Hopper
and Gioia 2004). The main threats to the remaining native flora
and fauna are plant pathogens such as Phytophthora cinnamomi,
feral animals and introduced plants, habitat fragmentation,
altered hydrology and salinity, and inappropriate fire regimes (see
also Table 1). Approximately 27% of the region is in conservation
reserves (Danks et al. 2011), which makes the protection of
potentially vulnerable taxa outside this reserve system difficult
(Hopper 2009). Nine identified vegetation types (Beard 1980)
have been identified as having 10% or less of their original (pre-
European) extent remaining, and 20 others have less than 30%
remaining (Danks et al. 2011). This highlights the importance of
the conservation of areas of native vegetation for the plant
communities as well as the fauna habitat they represent. For
southwestern Australia broadly, there are many Gondwanan
relics and levels of endemism are high for most taxa, although
this is variable across taxonomic groups, e.g., ~2% of 300 bird
spp, 93% of 30 amphibians spp, 49% of 3950 spp of flowering
plants (Hopper and Gioia 2004, Davies and Stewart 2013), with
a high proportion of those endemics occurring in or restricted to
the SCR, e.g., 22 of 30 frog species.
Anthropogenic landscape change
Human modification of the SCR occurred during two distinct
periods. The indigenous occupants of the region, who broadly
identify as Noongar (sometimes spelt Nyungar) have a suite of
stories telling of the creation of the landscape and the relationship
between themselves and the Dreaming, through the practice of
customary law and religion. This relationship includes peoples’
interactions with, and obligations toward, the protection of lands
and waters, and all interrelated species. Indigenous groups
managed the landscape through their “Dreaming ecology,” which
included the use of fire to manage ecosystems (Collard 2006).
Later, European settlement of the SCR substantially changed the
landscape. Settlement started in 1829 but the most extensive
clearance of native vegetation occurred in the 20th century with
over 50% occurring after World War II (Wilkins et al. 2006).
Aboriginal groups were severely disenfranchised by these
developments (Beresford et al. 2001). The historic 1992 Mabo
Decision and the subsequent Native Title Act (1994) with its
potential to develop a land claims process for indigenous groups,
provides a possibility to directly involve the indigenous Noongar
people in natural resource management of their ancestral lands.
NATURAL RESOURCE MANAGEMENT SCENARIOS
FOR A 2050 FUTURE
Because southwestern Australia is contained by the ocean (south
and west) and desert (northeast) it has been identified as the
Mediterranean biome likely to undergo the biggest contractions
in area and, therefore, one of the highest priorities for climate
change adaptation (Klausemeyer and Shaw 2009). Biodiversity
in the SCR is already subject to a range of threatening processes
including removal of native vegetation, spread of dieback disease,
non-native weeds and feral animals, spread of pollutants,
salinizing lands, and hydrologic change. These are expected to
interact with climate change in complex ways (Horwitz et al.
2008). Increases in temperature, decreases in rainfall and greater
seasonal variation will affect species and communities to various
degrees (Davies 2010, Stewart et al. 2013). For instance,
paleoclimate records reveal drier periods in the past and therefore
some species already may have the adaptive capacity to survive
declining rainfall (Byrne 2008), while others may be vulnerable.  
The climate of SCR has already changed considerably with
substantial decline in rainfall and subsequent stream flows since
1965 (Davies 2010, Australian Government 2015), with patterns
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Table 1. Overview of known major taxa identified in the South Coast Region of Western Australia. For this list no attempt was made
to distinguish current distribution from historical records.
 
Taxa South Coast
Species
Non-native
Species
Endemic to
South Coast
Threatened† Principal Stressors References/ Notes
Terrestrial
invertebrates
(where known)
~175 - ‡ 115 ~7spp. Secondary salinization Many Gondwanan relics;
Gilfillan 2000, Framenau et
al. 2008, Danks et al. 2011; M.
S. Harvey and M. C. Leng,
unpublished data.
Freshwater
Invertebrates
Annelida
Arachnida
Mollusca
Macrocrustacea
Insecta
439
73
23
27
43
273
-
-
-
-
1
-
23
2
0
0
8
13
-
-
-
-
-
Secondary salinization,
sedimentation, habitat loss.
Bunn and Davies 1990,
Horwitz et al. 2008, Danks et
al. 2011, Davies and Stewart
2013; B. Cook, unpublished
data.
Freshwater Fish
Estuarine fish
11
33
4
-
1
-
3
-
Salinity, habitat loss,
temperature, barriers
reduced FW inflows, marine
connection
Pusey et al. 1989, Pusey and
Edward 1990, Morgan et al.
2011.
± 13 spp; Potter and Hyndes
1994, Young and Potter 2002,
Lester et al. 2014
Amphibians 24 (frogs only) 0 3 1 Seasonal shifts in peak
rainfall
Danks et al. 2011
Reptiles 70 - 2 1 Habitat loss Danks et al. 2011
Birds
(Terrestrial)
~300 2 5 12 Habitat loss, changing
climate.
Pizzey 1997, Danks et al. 2011
Mammals 40 12 1 12 Fire, feral predators,
salinization, habitat loss.
Danks et al. 2011
Fungi and Lichens 622 taxa - - - Changing climate, fire
regime, habitat loss
Bougher and Syme 1998,
Syme 2008
Vascular plants 5411 taxa 297 757 109 Pathogens, fire regimes,
salinization, invasive weeds
http://florabase.dec.wa.gov.
au/; Gioia 2010
† Environment Protection and Biodiversity Conservation Act 1999 (http://www.environment.gov.au/biodiversity/threatened/species).
‡ - = no data available.
shifting to increased summer/spring rainfall and a decrease during
autumn/winter. The Indian Ocean Climate Initiative (IOCI 2006)
predicts that by 2030 rainfall will decrease between 2 and 20% for
southwest Australia while temperatures will increase by 0.5 to 2.0°
C. A decrease in rainfall since the 1970’s has been attributed to
far fewer troughs and more high-pressure systems across the
region (Hope 2006, Timbal et al. 2008, Hope and Ganter 2010).
It is difficult to determine whether this is due to natural variability
(Cullen and Grierson 2009) or anthropogenic forcing through
land clearing or increased greenhouse gases (Bates et al. 2008),
but part of the change can be attributed to the enhanced
greenhouse effect (IOCI 2006, Bates et al. 2008). Although rainfall
has already decreased in the western part of the SCR, rainfall in
the central part is unchanged (Australian Government 2015).
Climate scenarios for the eastern part of the SCR are uncertain
but broad scale modeling suggests a smaller decrease in rainfall
than in western areas. However, if  high pressure systems continue
to increase in frequency (Hope and Ganter 2010), a decline in
autumn and winter rainfall is most likely for much of the SCR.  
Restructuring of species assemblages may not be as profound for
very old landscapes such as the SCR. These community
assemblages have a long history of adaptation to changing
climatic conditions and an intricate interaction of contributing
causes to adaptation that can be taxon specific (Hopper 2009).
The flora and fauna of this region has a long history of surviving
through multiple major climate shifts particularly in the Miocene,
Pliocene, and Pleistocene epochs but with the evolution of
diversity across that historical span (Rix et al. 2014). This region
has experienced shifts from warm, summer rainfall to the current
Mediterranean climates with some cooler drier periods in the
Pleistocene (Byrne 2010, Rix et al. 2014). This means the biota
has either adapted and diversified, or selectively survived in
climate niches that have remained unchanged despite radical shifts
in seasonal rainfall patterns and temperature. It is therefore
possible that this will happen in the future. Ecological systems are
complex and future climate conditions are not easy to predict, so
that it is difficult to predict the effects of climate change on
biodiversity with confidence. Under possible climate changes
scenarios, some species with highly specific habitat or climate
requirements may become locally extinct.  
Collective changes in environmental conditions suggest that, by
2050, some areas of the SCR will not be suitable for agriculture
(Campbell 2008, Australian Government 2015). Nevertheless, for
specific locations, this change will depend on soil type and
landscape position (van Gool and Vernon 2005, Ludwig and
Asseng 2006). Low yielding areas are likely to revert to either
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pastoralism or carbon offset/conservation plantings. In drier
areas with more summer rainfall there could be an increase in
perennial pastures, which provide opportunities to reduce
secondary salinity. The biggest agricultural affect may be from
broader seasonal variability; farmers will need to be tactical
(Ludwig and Asseng 2006) and have effective risk management
strategies.  
Analyses of the vulnerability of rural communities to climate
change (Ludwig and Asseng 2006, Nelson et al. 2010) suggest that
SCR rural communities have high or moderate adaptive capacity.
Therefore, they will be only moderately vulnerable to climate
change. Climate change and economic conditions do not appear
likely to lead to transformative change in land use by 2050 but
there will be opportunities for innovation and small-scale
landscape change. Farmers in the SCR currently manage seasonal
variability with a range of strategies and many of these could be
used to adapt to climate change (Howdon et al. 2008). Strategies
used to improve soil moisture retention include minimum tillage,
increasing residue cover, and controlled traffic across paddocks
(Henriksen et al. 2011, GRDC 2015). Reduced rainfall in some
areas may result in increased area and yields in soils prone to
waterlogging that are presently too wet for cropping. The future
effects of salinity are particularly complex. In some better-
restored SCR catchments where salinization effects are close to
equilibrium, increasing aridity may lower the saline ground water
table leading to partial reversal of salinity. In contrast, in higher
rainfall areas the drying climate may reduce the flushing of salt
from the landscape and increase salinity.
BIOTIC AND SOCIAL CONSEQUENCES OF
PROJECTED CHANGES
Fundamental changes are taking place in physical and chemical
ecosystem attributes of the SCR as a consequence of changes in
land use and climate (Table 2). The social implications of these
changes will mostly find expression in the economic sustainability
of agricultural and forest industries. There will be both costs and
benefits as existing production patterns decline and new
opportunities arise. Australian farmers have demonstrated an
impressive capacity to respond to both market and environmental
opportunities, and it seems likely they will continue to do so in
the future. However, the social implications of rural adjustment
are as much related to nonmarket values as they are to market
values. There are at least six basic elements contributing to the
aggregate nonmarket value of an ecological or environmental
item including aesthetic, spiritual, social, historic, symbolic, and
authenticity values (Throsby 2001). These values relate to the
connection with the landscape and a sense of identity and
community. Possible effects on human health and well-being are
difficult to forecast because of the mobility of the human
populations; however, there is a real possibility of an increase in
diseases and pathogens that are naturally controlled today (Tong
et al 2008). The most significant affects resulting from these
changes will influence people’s sense of place and community,
which in turn influence attitudes to conservation and natural
resource management initiatives. A sense of place, community
cohesion, and social networks, amongst others, are all central
elements of social capital, which have been demonstrated as being
important factors in environmental and natural resource
management (MacGregor and Cary 2002).  
On the net positive side, despite widespread changes to
agriculture, farming has proven resilient to changes to
environmental and economic conditions and it is expected that it
will continue to adapt, partly through technological advances, to
expected shifts in soils, moisture, and available crops (Table 2).
As environmental issues and priorities change in type and
geographic spread, management can be targeted to landscapes,
industries, and communities at an early stage. The inclusion of
community-based natural resource management in preemptive
stages is likely to have significant benefits to management
outcomes by increasing the capacity of local communities and
industries to manage and adapt. This includes incorporating
indigenous knowledge and values into the management of natural
areas, which has been shown to have significant benefits both for
the community and for NRM (Jackson et al. 2005, Dobbs and
Cossart 2010).
ADAPTATION STRATEGIES
Opportunities for adaptation in the SCR are greater than in many
adjacent areas of southwest Australia’s biodiversity hotspot. The
SCR has a range of rainfall, temperature, and land use. In
comparison to the internally draining wheat belt region to the
north, there is substantial native vegetation remaining and more
opportunities to reduce the effects of salinity in vegetatively
restored catchments. Coastal vegetation is almost continuous
with the majority protected in conservation areas (Wilkins et al.
2006). A relatively high proportion of the cooler, high rainfall
zone is protected in reserves or forest managed for conservation
or timber production but interspersed with cleared farming areas.  
At least until 2050, under current climate models and markets,
agriculture is likely to continue as the main land use. Predictions
are for increasing crop yields in the higher rainfall zone because
of less waterlogging, and areas of reduced yield in the lower
rainfall zone, depending on soil type (van Gool and Vernon 2005).
Agriculture in the SCR has been highly adaptive as farmers coped
with highly erosive, infertile sandplain soils and dry seasons. Many
farmers continued to manage profitable enterprises in the face of
decreasing terms of trade, although there has been significant
restructuring and farm amalgamation (Tonts 1996). Changing
environmental conditions may also provide the opportunity for
transforming agricultural systems. Increasing perennial
agriculture is important in reducing salinity and adapting to
changes in rainfall patterns. For example, opportunities to
successfully use native flora in profitable enterprises are being
explored (Woodall and Robinson 2003). Enabling farmers to
adapt to drier autumns and winters, and a potential increase in
spring and summer rain, could thereby improve conservation
outcomes. In the longer term one type of land use likely to increase
is carbon-offset plantings. There is an opportunity to align carbon
storage and conservation objectives by using local, rapidly-
growing species rather than species from outside the region.
Measuring the carbon storage and growth rates of a wide range
of regional species and developing local agroforestry will be,
therefore, an important strategy.  
The high rainfall zone of the SCR is likely to serve as a refuge for
many species as it has in past periods of aridity, as evidenced by
the highly endemic nature of the biota. Although reserves are
numerous, there is also a proportion affected by inundation,
salinity, excessive nutrients, and urbanization. One of the highest
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Table 2. System-scale responses in the South Coast Region to projected changes in climate and land use.
 
Ecosystem Component System-scale Responses References/Notes
Soils • Fundamental changes to soil biogeochemistry (e.g., nitrification, carbon cycling,
and microorganisms), depending on specific (local) climate and land use;
Hughes 2003, 2011
• Soil drying and increased susceptibility to erosion;
• Further acidification under agriculture, salinization, wind and water erosion, and
water repellence;
• Decreases in soil moisture. Interactions between changes in vegetation, grazers,
and soils.
• Ongoing depletion of populations and threats to species;
• Increased fire frequency and intensity;
Terrestrial
Vegetation
• Miss-match of host-pollinators;
Abbott and Le Maitre 2010
• Altered fire regimes and rainfall patterns will increase susceptibility to fungal
pathogens;
• Increases in summer rainfall will increase spread of fungal pathogens;
• Expansion of species/communities adapted to drier habitats in southwesterly
direction;
• Low soil fertility likely to limit vegetation response to higher CO
2
 levels.
Riparian
Vegetation
• Continuing severe loss of riparian vegetation through clearing and the effects of
secondary salinization, with concomitant effects on stream temperatures,
connectivity, and ecosystem interactions (e.g., via nutrient flows). This is
particularly important given rising temperatures affect native aquatic biota with a
low temperature tolerance range;
Pettit et al. 2001, Davies 2010
• Reduction of allochthonous material, an important source material for aquatic
food webs, in combination with canopy loss, will cause a switch to algal based
aquatic food webs;
• Decreased flows reduce bankfull flows, affecting riparian seed-set and recruitment,
thereby simplifying riparian community composition.
Fresh Waters • Increased numbers of no-flow events in historically perennial systems;
• Flow regimes fundamentally altered from historic conditions;
• Reduction in extent and number of pool refugia due to drying and warming;
Davies 2010, Beatty et al. 2011,
Stewart et al. 2013
• River fauna and river ecosystem processes subjected to conditions not historically
experienced and therefore not adapted;
• Increase in severe events (e.g., storms and droughts) causing greater erosion and
consequent sedimentation of waterways;
• Loss of aquatic habitat (e.g., sedimentation) and connectivity (during no-flow
periods) will impact on migratory pathways and resource use (habitat, food) for
aquatic fauna;
• New conditions may select for species able to recruit at local scales and tolerant of
low dissolved oxygen (e.g., from pool infilling);
• Increasing salinity in wetlands and shallow lakes; loss of native flora and fauna;
• Reduction of rainfall may lessen secondary salinization. In the long term, short- to
medium-term higher salt concentrations due to less flow, higher evaporation rates;
• Change in aquatic food web structure due to increased light, temperature, and
nutrients;
• Increased water temperatures may exceed thermal tolerance of aquatic biota.
Estuaries/Coastal Zone • Because of position in the landscape, estuaries accumulate the effects of upstream
disturbance. Catchment land use, particularly its effect of salinity and nutrient
loads of catchment outflows, will significantly affect South Coast estuaries
through water quality alterations;
Potter and Hyndes 1994, Brearley
2005, Chuwen et al. 2009,
Wernberg et al. 2011
• Rising temperatures and reduced rainfall may force western estuaries in the South
Coast region to experience conditions similar to those currently experienced in
warmer/dryer areas further east;
• The ability of the Leeuwin Current to round Cape Leeuwin and remain a coherent
system along the South Coast will continue to decline. The resulting cooler waters
do not sustain tropical species such as Mud Crabs, causing the system to shift to
local species;
• There is a possibility that upwelling will increase as the Leeuwin Current decreases,
stimulating productivity. However, future wind patterns will enhance or suppress
upwelling depending on direction, strength, and persistence;
• A major unknown is whether ocean temperatures rise as the Leeuwin Current
declines and upwelling increases.
(con'd)
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Ecosystem Resilience • Current conservation reserves and catchment management strategies will not
protect all vulnerable native species and ecosystems - significant loss of resilience
to future changes. Conditions exceed those to which much fauna/flora evolved;
Horwitz et al. 2008, Byrne 2010,
Davies 2010, Prober et al. 2012
• Possible increased effects of plant soil-borne diseases such as fungal dieback, in
areas of increased summer rainfall;
• Increased landscape diversity in reserve design, vegetation communities and
farming practices to improve resilience;
• Increased invasions by non-native species.
Human Health and Well-
being
• A decrease in spread of salinity will have positive effects on depression (and
comorbid diseases of heart disease, suicide, and asthma), although other impacts
may lead to similar consequences;
• Increases in risk are likely to impact on mental and physical health
• Reduced farm incomes from traditional activities;
• A decrease in rural populations as farms become larger will increase isolation of
farm families, and will result in reduced human and social capital, which will lower
the capacity of farmers to address natural resource management issues and adjust
to sustainable management practices;
• There is a possibility that increasing social isolation will result in increased mental
health issues;
MacGregor and Cary 2002,
Jardine et al. 2007, 2008,
Speldewinde et al. 2009, 2011
• Increase in Ross River Virus carrying mosquitoes in saline biodiversity poor areas,
but impact on humans minimal because of low population densities;
• Any decrease in native biodiversity or change in ecosystem could potentially pose a
disease risk (e.g., Lyme disease or Hanta virus in U.S.);
• Depending on land-use changes, increases in airborne dust will increase lung and
eye problems.
Agriculture • Land managers already adapting to variable weather patterns;
• Increased atmospheric CO
2
, together with increased temperatures, may result in
higher yields, particularly areas where summer rainfall increases;
• Reduced rainfall may increase areas and yields in waterlogged soils that, at present,
are too wet for cropping;
• Temperature increases will reduce frost risk on susceptible sites;
Woodall and Robinson 2003, Wu
et al. 2008, Woodall et al. 2009,
Monjardino et al. 2010
• Areas of decreasing rainfall and poor soils (deep sands) are most vulnerable to
degradation and loss of viability; these areas should be targeted for restoration
with native species;
• Increase in carbon-offset plantings, conservation plantings;
• Existing botanic diversity creates a unique resource from which “climate ready”
crops can be developed; many prospective species occur naturally across climate
gradients and have commercial potential with regard to provision of food, essential
oils, fodder, and biomass.
Aquaculture • Given no increase in nutrient inputs, slightly increased water temperatures (1-2°C)
could increase primary production and, in turn, increase production rates of
specific consumers (e.g., abalone);
Daly 2004; http://www.fao.org/
fishery/climatechange/en
• If  nutrients increase along with temperature, it is expected that production rates of
many recreational and commercial fish will be improved;
• Slight increases in water temperature could increase growth rates of cultured
species, thus decreasing grow-out times and, potentially, increasing economic
viability of aquaculture operations;
• Warming waters may encourage the spread of pathogens (e.g., Perkinsus spp,
dinoflaggelate) to traditional hosts (e.g., abalone, other mollusks), especially where
organisms become stressed with environmental change;
• Biosecurity will be affected by the increasing mobility of the human population.
Managing the translocation of pathogens (e.g., AVG, Abalone Viral
Ganglioneuritis) from infected regions to pristine environments becomes difficult as
people frequent more locations including remote habitats.
Culture and Social Values • Significant landscape and ecosystem changes will impact a variety of human
values (e.g., aesthetic, spiritual, social, historic, symbolic, and authentic);
• Continuation of farm amalgamation leading to further depopulation of some
inland areas and an increase in coastal urbanisation. Further reduction in services
in inland areas and decrease in quality of life.
McKenzie 1994, Tonts 1996,
Throsby 2001, MacGregor and
Cary 2002
conservation priorities is, therefore, protecting moist refugia such
as wetlands, cool temperate forests, and freshwater rivers.
Resilience of systems depends on maintaining a diversity of
habitats as well as species within functional groups (Holling and
Gunderson 2002). For larger rivers, with headwaters in the drier
northern parts of the region, additional planting of native
vegetation in the upper catchment can further lower groundwater
levels and reduce salinity (Clarke et al. 2002, Bari et al. 2004).
Although revegetation will also reduce flow, ecologically it is more
important to return rivers to freshwater systems. Tools such as
precision conservation could be used to target the protection of
wetlands and rivers from salinization as well as unwanted
nutrients and sediment (Delgado et al. 2011).  
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The Australian government views climate change adaptation as
core business for regional NRM organizations (Campbell 2008).
This provides the opportunity to plan climate change adaptation
in a specific bioregional context integrated with other NRM
planning. Strategies for surviving a changing climate in the SCR
is most likely to mean adaptation to decreasing rainfall and
increasing temperature, but the complexity of interactions
between temperatures, rainfall, increased CO2, changes in wind
speed and direction, changes in summer rainfall patterns, and
increased variability make it difficult to predict effects on species.
These climatic changes in turn change photosynthesis,
evapotranspiration, and a whole range of biotic interactions at
different scales (Prober et al. 2012). Additionally, changes in land
use due to human responses to climate change will interact with
species responses.  
Preserving some of the uniqueness and diversity of the SCR is an
essential part of natural resource management as the landscape
changes through agriculture and other development. The region
is dominated by very old, stable pre-Cambrian landscapes that
have resulted in highly nutrient-deficient soils (Hopper 2009).
Consequently, plants have developed special adaptations
associated with coping with dry, infertile lands through
specialized root structures and symbiosis, carnivory, pollination
mechanisms, and parasitism (Lambers 2014). However, as a
consequence of this specialization the plant communities have a
large susceptibility to major disturbances. We suggest it is
important to preserve wherever possible, these unique, intact
native plant communities for their own sake, for their potential
medical or chemical uses and for the development of new food
crops from native plants that could be highly valuable in the
future.  
We suggest that because of the high biodiversity and uniqueness
of SCR plants and animals, conservation of intact natural areas
within the matrix of agricultural land should be a priority and
would provide the most cost effective outcomes for maintaining
traditional ecosystem services as well as providing source material
for novel plantings in agricultural landscapes. A diversity of
approaches, which pay particular attention to specific underlying
processes, is required to promote resistance and resilience of
native ecosystems to the range of threats and disturbances
encountered within the agricultural matrix. Although there needs
to be a priority for the retention of existing intact natural areas,
in previously cleared, abandoned agricultural land, the creation
of revegetated, novel communities (Hobbs et al. 2013) that buffer
high value, intact areas of native vegetation from agricultural
lands, and provide linkages between intact areas, is an important
management strategy in the SCR. It is important because it is
generally not feasible to re-establish the entire original plant
community on abandoned cleared farmland, because of the very
high diversity of plants and changed soil and hydrology (Cramer
et al. 2008, Standish et al. 2006, 2007, 2008). Therefore, these
newly established novel ecosystems would comprise a subset of
species from the intact areas and therefore contain species that
have the capacity to exploit the demanding climate and soil
properties of the region. These replanted areas can also provide
habitat for biota and enhance species diversity at landscape scales.
Social-ecological approaches to environmental change
Successful adaptation to a changing environment requires
identification and adoption of common visions at local and
regional levels (Table 3) along with strategic efforts to meet the
visions in an adaptive management framework (Naiman 2013).
One vitally important principle is to maintain maximum adaptive
capacity in the system and flexibility in management (Millar et
al. 2007). There are a number of other general principles
developed for adaptation to climate change (see, for example,
Hannah et al. 2002, Mawdsley et al. 2009, West et al. 2009). For
example, one option is to establish networks that include protected
areas, connecting zones, and intermediate landscapes having
various uses (Opdam and Wascher 2004) to maintain landscape
values and connectedness. Although the climate gradient from
northeast to southwest in the SCR is potentially an important
refuge route for some species, protecting potential refugia across
the whole region and developing a landscape with maximum
adaptive capacity provides opportunities for other species.  
Successful adaptation to climate change requires identification
and adoption of common visions at local and regional levels along
with strategic efforts to meet the visions in an adaptive
management framework. Importantly, strategic efforts and
actions are successful when the understanding, motivation, and
capacity of those directly and indirectly involved with the
environmental and natural resource management responses are
enhanced (Naiman 2013). Clearly implicit in this strategy is the
involvement of most stakeholders. The respective level of
engagement with stakeholders should reflect their level of
investment in the system, whether the investments are financial
and/or emotional. Learning acquired by stakeholders involved
with strategic action, i.e., planning and management initiatives,
allows adaptation to take place, thereby improving the
understanding of fundamental challenges (Figure 2). It is vital to
consider the elements in Figure 2, e.g., profitability, land tenure,
education, skills, and networks, because they contribute to
stakeholders’ understanding, motivation, and adaptive capacity.
Fig. 2. Interactions and drivers of change for strategic change
in natural resource management systems (C. J. MacGregor,
unpublished manuscript).
There are general principles and social-ecological approaches that
can be applied to the SCR to manage natural resources in a
manner that maintains communities in a changing environment
(Table 3). The emphasis is on accepting the need to use dynamic,
integrated approaches with strong partnerships and continuous
monitoring and research. The SCR has highly networked
subregional and catchment groups, and specific commitments in
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Table 3. Ideas for maintaining and improving natural resources in the South Coast Region under projected climate and land-use changes.
 
General Principle Approaches
• Maintaining existing areas of native vegetation.
• Collecting and banking seed from climatic ranges.
• Incorporating climate change into management plans for reserves
(Hannah et al. 2002).
Maintain maximum adaptive capacity in biological systems and be
prepared for surprise and threshold effects (Millar et al. 2007)
• Establish thresholds of potential concern (Biggs and Rogers 2003).
• Plan for various scenarios (Peterson et al. 2003).
• Regional modeling of biodiversity response to climate change (Hannah
et al. 2002).
• Bioclimatic modeling to create new protected areas (Pyke et al. 2005).
• Practice adaptive management (Millar et al. 2007).
• Increase flexibility with increase in focus on protecting biodiversity
outside reserves. Focus on ecological processes.
Use dynamic conservation approaches (West et al. 2009); allow for
nonlinear dynamics
Protect Moist Refugia • Focusing more conservation attention on the high rainfall zone and
wetlands.
• Decommissioning drainage areas and restoring wetlands (Robson et al.
2008).
• Create new freshwater habitats (Robson et al. 2008).
• Revegetation to reverse salinity in wetlands and freshwater systems.
• Manage the impact of coastal urbanization on wetlands.
• Revegetation on northern banks of river reaches to increase shade
(Davies 2010).
• Create new protected areas (Hannah et al. 2007).
Continuous monitoring • Movement of non-native and native species and impacts on ecosystems.
• Characterization and impacts of changes in salinity, rainfall, and
temperature on estuaries, rivers, and wetlands.
• Potential ecosystem and land-use changes.
• Changes in crop yields.
Statistical downscaling of Global Climate Models to regional and local
scale
• Fire threat frequency and timing.
• Impacts of sea level rise.
• Soil type interactions.
• Impacts on aquatic and hydrological systems.
• Selected species level models (Midgley et al. 2002) and species
interaction models.
Integrated approach to threats • Model interactions between fire, fungal pathogens, salinity, feral
predators, invasive species, and climate change.
• Interactions between salinity, rainfall, and temperature on freshwater
systems.
Maintain a mosaic of landscapes and ensure areas outside reserves are
protected
• Encouraging farmers to diversify their landholdings across climatic
zones in the agricultural area as a risk strategy, rather than managing
single large farms.
• Increasing protection of vegetation outside reserves (e.g., Gondwana
Link).
Avoid maladaptation • Appropriately connecting wetlands, threatening endemics.
• Appropriate hydrological engineering.
• Positive translocation of species.
• Establishing successful priorities (triage approach).
Increase adaptive capacity in the community (MacGregor and Cary
2002; C. J. MacGregor, unpublished manuscript)
• Develop natural resource networks and partnerships through
organizations such as South Coast natural resource management
(NRM), Gondwana Link, UNESCO Man and the Biosphere
Programme.
• Planning adaptation as an opportunity for shared learning (Adger
2003, Cohen 2011).
• Develop regional champions (Cohen 2011).
Manage transformation (West et al. 2009) • Maintain ecosystem functions/services.
Support research to develop innovative approaches • Use the UNESCO Fitzgerald Biosphere Region (in the central part of
the region) as a focus for research on climate change and sustainable
development.
• Increase research and monitoring in government funded NRM.
• Develop innovative perennial farming systems.
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NRM strategies to increase regional capacity for change. It also
has a farming sector well acquainted with innovation and
adaptation. Two of the actions listed in Table 3 provide examples
of NRM strategies to increase regional capacity, which include
the Gondwana Link Project (http://www.gondwanalink.org) and
the use of native flora as an adaption to climate change.  
The Gondwana Link Project is reconnecting fragmented habitat
and increasing the opportunity for encouraging the movement of
species along a broad northeast to southwest corridor. Gondwana
Link Pty Ltd is a nonprofit group aiming to create landscape scale
change by creating “connected and functional landscapes.” The
Gondwana Link Project groups, Bush Heritage Australia, and
Greening Australia are actively purchasing rural properties that,
as of 2014, totaled over 7000 ha. Although the properties
purchased have been substantially cleared for agriculture, large
areas of native vegetation with high conservation values remain.
In these areas, intact vegetation requires ongoing protection while
planning and monitoring of commercial revegetation of cleared
areas ensures plantings also attempt to address biodiversity needs
(Hallett et al. 2014, Standish and Hulvey 2014, Perring et al. 2015).
The purchase of properties and revegetation with local native
plants are designed to connect the Fitzgerald River National Park
with the Stirling Range National Park over a distance of ~100 km.
Native flora opportunities
The Southwest Botanical Province with its high level of diversity
and endemism creates a unique resource from which “climate
ready” crops could be developed because many prospective
species occur naturally across climate gradients (Table 4). In some
instances there is a need for commercial drivers for revegetation
(Bathgate and Pannell 2002), and a number of the native plants
found in Western Australia have commercial potential with regard
to the provision of food (Woodall et al. 2009), essential oils
(Woodall and Robinson 2003), fodder (Monjardino et al. 2010),
and biomass (Wu et al. 2008). For instance, with less winter
rainfall and an increase in summer rainfall (Hennessy et al. 2007),
native sandalwood (Santalum spicatum) is well suited to the
forecasted climate changes because it occurs in regions of Western
Australia receiving both winter and summer dominated rainfall.
Indeed all species listed in Table 4 naturally occur in regions where
the reliability of winter rainfall is less certain and there is some
summer rainfall. In many areas the strategic use of deep-rooted
perennial crops on agricultural land, e.g., lucerne (Medicago
sativa), oil mallees (Eucalyptus spp), and sandalwood, can also
be important to maintain hydrologic balance and reduce the
effects of secondary salinity. Although there are numerous
knowledge gaps in terms of quantifying the ecological services
that each of the "climate ready" native crops provides now and
into the future, the cultivation of perennial tree crops is one means
of increasing habitat diversity within cleared agricultural
landscapes while still providing long-term income (Hobbs et al.
2003). The biodiversity values associated with the cultivation of
mallee trees (Smith 2009), sandalwood, and Melaleuca species
(Gove 2012) on cleared agricultural land provide successful
examples.
CONCLUSIONS
In the face of uncertainty and lack of knowledge there is a need
to develop social-ecological resilience via diversity throughout the
landscape. This suggests that for biodiversity globally there is a
need to manage for the persistence of existing diversity as well as
for ongoing evolution and human-driven alterations, and to
integrate the social and political environments into these
processes. Supporting resilience of agricultural enterprises as well
as the ecological components of native biodiversity is crucial for
effective resource management (Barthel et al. 2013, Marshall and
Stokes 2014).
Table 4. Native species with commercial potential for catchments
altered by climate change.
 
Species Product Natural
rainfall (mm)†
Scale‡
Kennedia
prostrata
fodder/nitrogen
supply
250-800 large > 1
million ha
Santalum
spicatum
timber/fragrant
oils, seed oils
200-600 small 50,000 ha
Platysace
deflexa
food: root
vegetable
350-550 very small <
100 ha
Eucalyptus
loxophleba
biomass/
eucalyptus oil
200-450 medium
100,000 ha
†mean annual rainfall distribution.
‡Scale of climate ready industry.
If  left unchecked, the present commodity system will continue to
result in the erosion of the resource base, increasing
environmental degradation and continuing social decline. This is
exacerbated by differences in power between those who make
decisions about commodity production and biodiversity
management, and those who are affected by its outcomes.
Adaptive capacity, generated through interactions between the
social-economic system and the ecological system, is a pillar of
NRM; it requires willingness, capacity, and understanding to
make a difference to NRM outcomes (Gallopin 2002). The first
step is the prevention of further loss or degradation of high-value
natural areas. This may be accomplished through policy
interventions, awareness raising initiatives, and incentives
schemes that integrate social-ecological thinking into
conservation planning. This also requires an iterative and flexible
process of negotiation, decision-making, and reevaluation, one
informed by science but shaped by human values and aspirations
(Sayers et al. 2013).  
Success in NRM has a no definitive endpoint, but is ongoing and
requires continued monitoring, knowledge adoption, communication,
and cooperation. This requires commitment by institutions and
communities to provide the governance needed for broad
collaboration and effective integration across science-
management disciplines as well as across social, political, and
ecological boundaries. The adoption of new policies and markets,
such as accounting for environmental degradation and carbon
storage, will build in the real costs to society of environmental
degradation and NRM. This also requires a shift in thinking
toward resolving trade-offs, as well as facilitating synergies
between conservation and economic interests. Adding flexibility
and renewable structures to property rights that can be adapted
to incorporate social and environmental objectives (Young and
McCay 1995) and payments or tax incentives for better land
stewardship, including natural resource and economic goals
(Sawin et al. 2003), would be positive steps toward an integrated
social-ecological perspective.  
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Importantly, strategic efforts and actions are successful when the
understanding, motivation, and capacity of those directly and
indirectly involved with natural resource management responses
are enriched. Clearly, implicit in this is the involvement of
stakeholders, and the respective level of engagement with
stakeholders should reflect their level of investment in the system,
whether this is financial and/or emotional (Naiman 2013).
Learning acquired by being involved with strategic action
(planning and management initiatives) allows adaptation
(sustains adaptive capacity) to take place that improves
understanding of the challenges (Fig. 2). We suggest that the best
outcomes for natural resource management are through
partnerships between community groups, state, and federal
resource managers and research organizations such as
universities. This provides synergies of local knowledge and
capability, management and environmental monitoring, and
research. Above all it requires forward and flexible thinking, hence
the importance of research, community involvement, and being
prepared for unexpected outcomes.
Responses to this article can be read online at: 
http://www.ecologyandsociety.org/issues/responses.
php/7727
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